Provision of paediatric anaesthesia requires careful consideration of the child's cognitive state, unique body composition and physiology. In an observational cohort study, we describe the population characteristics and conduct of anaesthesia in children aged 2-17 years from 1 January 2005 to 31 December 2015. Children were identified from the Danish Anaesthesia Database. We recorded the following variables: age; sex; comorbidities; indications for anaesthesia; practice of anaesthesia; and complications. Results are presented for two age groups: 2-5 and 6-17 years. In total, 32,840 (61% male) children aged 2-5 years received 50,484 anaesthesia episodes and 91,418 (54% male) children aged 6-17 years received 141,082 anaesthesia episodes. The younger children, compared with the older children, were more frequently anaesthetised at a university hospital (50% vs. 36%) and for non-surgical procedures (24% vs. 8%). For both age groups, general anaesthesia was the primary choice of anaesthesia regardless of the reason for anaesthesia. For surgery, general anaesthesia using inhalational agents in addition to intravenous agents or alone was more frequently used in younger children (49% vs. 15%), whereas older children commonly received total intravenous anaesthesia (50% vs. 83%). Regional anaesthesia was infrequently utilised. Complications occurred in 3.3% of anaesthesia episodes among 2-5 year olds compared with 3.7% of anaesthesia episodes among children aged 6-17 years. In conclusion, we found younger children (aged 2-5), compared with older children (aged 6-17) were more frequently anaesthetised for non-surgical reasons, at a university hospital and using inhalational agents. Complications were rare.
Introduction
Millions of children receive anaesthesia each year for surgery and other medical procedures in order to facilitate necessary and urgent treatments which would otherwise be either impossible to conduct or might be a traumatic experience for the child and their family. Provision of anaesthesia requires careful consideration of the child's cognitive state, body composition and physiology [1] .
Minor procedures and examinations, such as insertion of peripheral intravenous (i.v.) lines, joint injections or MRI scans, may require anaesthesia or deep sedation in order to obtain optimal results and patient comfort. Quality of care in paediatric anaesthesia practice has gained increasing attention in recent years. Large multinational populationbased studies have investigated short-and long-term complications of paediatric anaesthesia [2] [3] [4] , and initiatives such as the Safe-tots project for smaller children (aged under 3 years) have been established to disseminate principles of safe conduct of paediatric anaesthesia [5] .
Meanwhile, the published literature still fails to address the recent associations between population characteristics and actual conduct of anaesthesia, for example, the choice of anaesthetic approach for various procedures and implications of anaesthetic care in children. The aim of this study was to describe the population of children receiving anaesthesia in Denmark, recent paediatric anaesthetic practice, for example, the choice of anaesthesia and airway management, and to report the incidence and types of anaesthesia-associated complications for children aged 2-17 years. In a previous publication, we reported data for the youngest children (age < 2 years) [6] . The choice of age cutoff represents the national criteria as defined by the Danish Health Authority [7] .
Methods
We conducted a population-based cohort study in which we describe the anaesthetic management of children aged 2-17 years over a period of 11 years from 2005 to 2015 in Denmark. We divided the population into two sub-groups, 2-5 and 6-17 years old due to marked anatomical andphysiological developmental changes within each paediatric age range. This study is reported according to the Strengthening EACH Reporting of Observational Studies in Epidemiology (STROBE) guidelines [8] .
Healthcare is primarily provided through a single-payer healthcare system at public hospitals in Denmark. We combined information from three nationwide databases, the Danish Anaesthesia Database (DAD) [9] , the Danish Civil Registration System (DCRS) [10] and the Danish National Patient Registry (DNPR) [11] . The Steering Committee of DAD and the Danish Data Protection Agency approved the study. According to Danish law for registry-based research, Research Ethics Committee approval and individual written informed consent was not required.
The DAD is a clinical quality assurance database which contains information on patients undergoing sedation and anaesthesia under the care of certified anaesthesia personnel [9] . The DAD covers approximately 80% of all anaesthetic episodes in Denmark [9] . The DAD captures data from pre-operative assessment until the end of the patient's stay in the recovery area [9] . This includes type of anaesthesia, choice of airway management and complications. The DAD was updated on 1 April 2008, when details on facemask ventilation, Cormack-Lehane scores [12] for difficult tracheal intubations and complications, defined as cardiac arrest, death during anaesthesia, dental injury, eye injury, itching, urinary retention and seizures, [10] . Danish citizens are assigned a unique personal identification number at birth (CPR number) [13] that is used in all contacts with public administration and constitutes a link between all Danish registries. The DNPR is a registry documenting all hospitalisations in Denmark [11] We defined an anaesthetic case to be any episode of anaesthesia in Denmark identified through the DAD. We retrieved consecutive patients aged 2-17 years between 1 January 2005 and 31 December 2015. Data from DAD were linked with data from the DCRS and the DNPR via the patient's CPR number. We recorded the number of anaesthesia episodes in total and for each child. For each anaesthesia episode we recorded the following baseline characteristics: age; height; weight; sex; ASA physical status [16] ; Charlson comorbidity index (CCI) [17] ; and the total number of days spent in hospital within the 6 months before anaesthesia (ranging from 0 to 180 days). We added the total number of days spent in hospital during the previous 6 months as an additional measure of comorbidity, because ASA physical status and CCI are indices developed for adult patients and their application in paediatric practice is unclear. We also recorded the academic status of the hospital (non-university/university/public/private), the indication for anaesthesia and type of anaesthesia (general/ regional/sedation/combined general and regional/ combined regional and sedation. 
Discussion
Our children aged 2-17 years undergoing anaesthesia were mostly of ASA physical status I. The younger children were more frequently anaesthetised at a university hospital, with non-surgical procedures and diagnostic radiology representing three times as many anaesthesia episodes in this age group compared with the older age group. For both age groups, general anaesthesia was the primary choice of anaesthesia. For surgery, general anaesthesia using inhalational agents in addition to i.v. agents, or alone, was more frequently used in the younger children, whereas the older children almost twice as commonly received total i.v. anaesthesia. Regional anaesthesia was part of the anaesthetic management in approximately 10% of cases for surgery in both groups, but peripheral nerve blocks were more commonly performed in older children. The use of regional anaesthesia increased slightly over time. Peri-operative complications, including serious adverse events, were rare.
The primary strength of this study was our use of prospectively collected data from continuously updated We may therefore have missed a large number of anaesthesia cases in this period. We cannot exclude selection bias among our study population. For example, it is possible that more healthy children received anaesthesia at private clinics, which do not report to DAD. In addition, the actual number of serious adverse events may be under-reported. We used criteria for serious adverse events that we believed unquestionably reflected [18] . Many of the registered complications may have been serious, but we were unable to grade their severity because we had no access to individual patient files. Lastly, we were unable to address long-term events such as late cognitive disturbances because the observation period for data submitted to DAD is limited to patient discharge from the recovery area.
To our knowledge this study, together with our recently published data on children less than two years old [6] , are the first to describe the practical management of paediatric anaesthesia on a nationwide basis. Compared with our study in children less than two years old [6] , peri-operative complications occurred more frequently in this population.
With increasing age, it was less likely that a certified anaesthesia specialist was involved in the anaesthetic management of the child. Within the current study design, we are not able to determine whether there is any causality between the competence of the anaesthesia provider and adverse events. have focused on the incidence of adverse events in relation to anaesthesia [19] [20] [21] [22] . Our findings revealed that provision of neuraxial anaesthesia and peripheral nerve blocks were rare. The widespread implementation of ultrasound may increase peripheral nerve block provision in the future, but more research on postoperative pain control utilising peripheral nerve blocks and catheters in children is warranted. Regional anaesthetic techniques have good safety profiles [23, 24] , but whether these facilitate better care and improve outcomes in paediatric patients is uncertain [25, 26] . High-quality studies comparing outcomes in children receiving general anaesthesia compared with regional anaesthesia are needed. Concerns regarding potential impairment of postoperative cognitive development after exposure to general anaesthesia have arisen from animal studies, where administration of anaesthetic agents during synaptogenesis or rapid brain growth has been associated with neuronal apoptosis and neurodegeneration, and subsequent learning and behavioural abnormalities [27, 28] . Retrospective studies have demonstrated associations between exposure to anaesthetic drugs and cognitive dysfunction in infants and young children, which led the US Food and Drug Administration (FDA) to warn against lengthy or repeated use of general anaesthetics in children less than 3 years old [2, 29] . However, no synthesis of evidence from prospective, cohort or randomised trials is currently available to support the FDA warning [30] .
Important factors such as emotional and social well-being, and physical health are likely to be more important in relation to long-term neurocognitive outcomes [31] .
Total i.v. anaesthesia was predominantly provided to older children. In comparison, general anaesthesia for the younger children primarily consisted of inhalational agents alone or in combination with i.v. agents. Administration of inhalational anaesthetics does not require i.v. access, and can be used for children with needle phobia. It may be more difficult to predict interindividual pharmacokinetic and pharmacodynamic variability for i.v. agents [32] , and safety concerns in children, such as propofol infusion syndrome during lengthy procedures, still exists [32] . In contrast, an observational study suggested that total i.v. anaesthesia reduces airway responsiveness [19] and a systematic review of 16 randomised clinical trials (that included 900 day surgery patients) suggested that, compared with sevoflurane, i.v. anaesthesia could minimise complications such as postoperative nausea and vomiting and emergence agitation in children [33] . This is important because the incidence of postoperative nausea and vomiting in children older than 3 years is double that in adults [34] . However, the overall quality of evidence was regarded as poor due to a high risk of bias with the trials.
We observed a large proportion of younger children who received anaesthesia for non-surgical reasons, such as MRI scans. General anaesthesia may be necessary to ensure the patient remains still [35] , but employment of non-pharmacological measures may be sufficient in more cases than previously anticipated. Alternative techniques for preparing children for minor procedures are available, such as distraction methods or hypnosis. A recent cross- sectional study found that children with moderate to severe pain seldom had a documented pain assessment, and neither evidence-based pharmacological nor 'nonpharmacological' techniques were regularly administered to control pain [36] .
Serious adverse events were observed in less than 0.3% of anaesthesia cases in our study. The APRICOT study, which prospectively collected data in children aged 0-15 years from European institutions, found a 5.2%
incidence of severe critical events [22] . The authors defined a severe critical event to be any respiratory, cardiac, allergic or neurological complication requiring immediate intervention which led, or may have led, to major disability and/or death. In comparison, we used a much narrower definition. Our results matched findings from similar database-driven studies [37, 38] , which might indicate that database-driven studies are prone to underestimate the incidence of complications due to missing data or underreporting of events. A 2014 study using the American Anaesthesia Safety Database reported an incidence of severe critical events of 0.1% among children [39] , which was slightly lower than our findings.
International collaborations have been established to distribute principles for safe conduct of paediatric anaesthesia. The Safe-tots initiative advocates the application of five important principles when providing anaesthesia in children younger than 3 years old; that is, involvement of a paediatric anaesthesia specialist, centralised care, patients with special requirements should be anesthetised in dedicated paediatric centres, elective procedures should be optimally timed and peri-operative factors that compromise a patient's well-being should be avoided [5] . We observed that anaesthesia specialists were involved in 75% of anaesthesia episodes in children aged 2-5 years, and just over 50% of anaesthesia episodes in those aged 6-17 years. We are not aware of similar initiatives guiding safe conduct of anaesthesia for older children. Child age is inversely correlated with the risk of adverse peri-operative events [22] , but the optimal strategy for practical peri-operative anaesthesia in older age groups remains to be determined, including at what stage the child can be treated the same as an adult.
In conclusion, we believe this study provides important hospital and using inhalational agents. Overall, complications were rare.
